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ABSTRACT
We have used multi-wavelength Hubble Space Telescope WFC3 data of the starbursting spiral galaxy
M83 in order to measure variations in the upper end of the stellar initial mass function (uIMF) using
the production rate of ionizing photons in unresolved clusters with ages ≤ 8 Myr. As in earlier papers
on M51 and NGC 4214, the upper end of the stellar IMF in M83 is consistent with an universal IMF,
and stochastic sampling of the stellar populations in the / 103 M clusters are responsible for any
deviations in this universality. The ensemble cluster population, as well as individual clusters, also
imply that the most massive star in a cluster does not depend on the cluster mass. In fact, we have
found that these small clusters seem to have an over-abundance of ionizing photons when compared
to an expected universal or truncated IMF. This also suggests that the presence of massive stars in
these clusters does not affect the star formation in a destructive way.
Subject headings: galaxies: individual (M83) - galaxies: star clusters: general - galaxies: star formation
- stars: luminosity function, mass function - stars: massive
1. INTRODUCTION
The blueprint of how stars are formed in galaxies, bet-
ter known as the stellar initial mass function (IMF), is
one of the most essential quantities in astronomy, yet
its functional form and universality is still under much
debate. IMF measurements in the nearby Milky Way
and Magellanic Clouds have indicated a constant IMF
(Oey 2011; Weisz et al. 2013), yet other studies have
found evidence pointing towards a non-universal IMF
(van Dokkum & Conroy 2011; Kroupa et al. 2011; Cap-
pellari et al. 2012; Geha et al. 2013). Variations can
be found in the high-mass end (upper IMF; uIMF) and
the low-mass end, and both can affect the star forma-
tion history (SFH) of a galaxy. A top-heavy IMF, in
which more high-mass stars are formed than predicted
from the standard model (for example M82F; Smith &
Gallagher (2001)), will result in a low mass-to-light ratio
and more rapid energy and chemical enrichment of galax-
ies as stars > 8 M become core collapse supernovae.
Variations of the uIMF are also tied to star formation
rates (SFRs) and short-timescale SFHs (< 100-500 Myr.)
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A bottom-heavy IMF, which has an over abundance of
low mass stars, therefore has a high mass-to-light ratio,
higher numbers of stars formed (albeit of mostly stars
< 1 M), and affects estimates of long-term SFHs. The
work presented here concentrates on the variations of
the uIMF, although discovery of non-uniformity in the
high-end would not necessarily discount a variation in
the lower limit as well.
In this paper, we narrow our interest to the lack of
ionizing photons per optical or UV luminosity that has
been suggested for dwarf starburst galaxies (Hoversten
& Glazebrook 2008; Lee et al. 2009; Meurer et al. 2009;
Boselli et al. 2009; Gunawardhana et al. 2011). Recently,
Fumagalli et al. (2011), Weisz et al. (2012), and Eldridge
(2012) have shown that the observed LHα/LFUV devia-
tions can be due to bursty star formation or a stochasti-
cally populated IMF, removing the necessity for a variant
IMF. Observational constraints on this issue are therefore
essential to understanding the fundamental evolution of
galaxies, especially at high-redshift. For full, comprehen-
sive reviews on this subject we refer you to Bastian et al.
(2010), Kroupa et al. (2013), Offner et al. (2013), and
Krumholz (2014).
The IMF can be measured nearby in the Milky Way,
Large Magellanic Cloud (LMC), and Small Magellanic
Cloud (SMC) by counting the individual stars in clusters
young enough (≤ 3-5 Myr) that the most massive stars
still remain (Sirianni et al. 2000; Sabbi et al. 2008; An-
derson et al. 2009, for example). In addition to the rapid
evolution of massive stars, observing clusters at young
ages is necessary to get a full census of the stellar pop-
ulation as up to 80% of stellar clusters experience early
mass loss and do not survive longer than 10 Myr (Lada
& Lada 2003, “infant mortality”). Age is not the only
problem for individual star counts, as selection biases
due to crowding can cause an incomplete sample. For
instance, mass segregation may cause the more massive
stars to sink towards the center of the cluster, where it
will be harder to distinguish individual stars, while at the
same time low mass stars are generally harder to count,
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Fig. 1.— Color composite WFC3 image of the inner field (F1) of M83 courtesy of Zoltan Levay (STScI-2011-14), R. O’Connell (GO
11360), and the WFC3 SOC.
due to the inability to easily detect smaller, fainter stars
(Ascenso et al. 2009; Ma´ız Apella´niz 2008). Finally, res-
olution becomes problematic at distances greater than ∼
50 kpc, even with the Hubble Space Telescope (HST). For
measurements of the low end of the IMF, lower–density
fields can alternately be used, as the lifetimes of stars less
massive than the Sun are longer than the Hubble time
(Zucca & Bardelli 2000; Geha et al. 2013). However,
this method cannot be applied to the high end of the
IMF, where rapid evolution depletes the Main Sequence
on short timescales, depending on the stellar mass range
considered.
The use of individual star counts is not necessary to
constrain the upper end of the IMF, as we have demon-
strated in Calzetti et al. (2010) and Andrews et al.
(2013). Instead, we measure Q(H0), the hydrogen ioniz-
ing photon rate, from the young, coeval stellar clusters
which is equivalent to measuring the number of massive
stars. This is an extension of the method described in
Corbelli et al. (2009) and relies on normalizing the ion-
izing photon rate to the age-independent cluster mass.
Calzetti et al. (2010) found that there was no obvious de-
pendence of the upper mass end of the IMF on the mass
of the star cluster down to ∼ 103 M, in a pilot study
done on M51a. This result was basically confirmed by
Andrews et al. (2013), who analyzed the nearby galaxy
NGC4214, which has a star formation rate about 30
times lower than M51a. Andrews et al. (2013) also intro-
duced a new approach to cluster mass and age determi-
nation: the use of SLUG models (da Silva et al. 2012),
where the spectral energy distributions of single age stel-
lar populations are produced via stochastic sampling of
the stellar IMF. This treatment is a better representa-
tion of the sampling of the IMF in low-mass clusters.
As shown in Fouesneau et al. (2012), ‘deterministic’ stel-
lar population models, in which all stars in the IMF are
represented, fail to properly account for the increasing
scatter in luminosity and colors of clusters below masses
of ≈5,000 M.
In this paper we present the results of another galaxy
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Fig. 2.— Positions of clusters in M83 used in this paper, sub-
divided by the presence of ionizing photons (top), cluster mass
(middle), and age (bottom). The gray dots in each figure are from
the full sample of clusters from Chandar et al. (2010).
using the method introduced by Andrews et al. (2013),
and explore whether the results obtained in NGC4214
and M51a can be extended to other galaxies as well. For
this study, we have selected a portion of the face–on,
grand design spiral galaxy M83, located only 4.5 Mpc
away (Thim et al. 2003) and shown in Figure 1. This
galaxy represents an important complement to M51a, as
the two galaxies are both in interaction with lower–mass
companions, and have comparable SFRs; M83 has an
Hα and UV SFR of 3.3 M yr−1 and 3.6 M yr−1 re-
spectively (Boissier et al. 2005). The advantage in using
M83 is that this galaxy is only roughly half the distance
of M51a, enabling us to push our study to clusters as
light as ∼500 M. Compared to NGC4214, M83 offers
the advantage of larger cluster numbers, implying more
robust statistics.
M83 is classified as a starburst galaxy, and has vig-
orous star formation in the center, and throughout its
spiral arms. This, combined with its proximity, make
it an excellent candidate for extending the study of An-
drews et al. (2013) to a spiral galaxy. In Section 2 of
this paper we will discuss the observations and cluster
selection criteria, in Section 3 we will present the models
and age and mass determinations, and in Section 4 we
discuss the results.
2. DATA REDUCTION AND PHOTOMETRY
HST WFC3/UVIS and WFC3/IR observations were
taken as part of GO 11360 (PI: O’Connell). The ob-
servations on which we concentrate here are only of
the inner region and include F225W (1800s), F336W
(1890s), F438W (1880s), F487N (2700s), F555W (1203s),
F657N (1484s), and F814W (1213s), shown in Figure 1.
Throughout the text we will refer to these as NUV, U, B,
Hβ, V, Hα, and I respectively. Each flat-fielded image
was co-added, cosmic rays were removed, and corrections
for distortion were made using the task MULTIDRIZZLE
into a final pixel scale of 0′′.0396 pixel−1. At the distance
of M83, the pixel scale is 0.876 pc pixel−1. See Chandar
et al. (2010) for a full explanation of the reduction pro-
cedure.
For this paper we use the 1247 member cluster cata-
log from Chandar et al. (2010). These are the gray dots
shown in Figure 2. This catalog was created using the
IRAF task DAOFIND from a “white-light” image of co-
added U, B, V and I images. Aperture photometry was
performed on the wide band images using the IRAF task
PHOT with an aperture of 3 pixels, and a background
annulus between 10 to 13 pixels. The aperture correc-
tions were addressed by methods relying on the concen-
tration index (C, the difference in magnitudes between
3 pixel and 0.5 pixel radius). Photometric conversion
from counts to erg cm−2 s−1 were accomplished using
the filter dependent PHOTFLAM values from the image
headers. Galactic foreground extinction of E(B − V ) =
0.058 (Schlafly & Finkbeiner 2011) was corrected using
the Milky Way extinction curve from Fitzpatrick (1999).
Due to the more extended nature of HII regions
surrounding the stellar clusters, aperture sizes that
scaled with the cluster mass according to the expected
Stro¨mgren radius were used to measure the hydrogen
recombination lines on the continuum-subtracted Hβ
and Hα+[N II] images. The continuum-subtracted im-
ages were created by interpolating between F438W and
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Fig. 3.— Histograms of relative frequencies of best fit cluster ages for all young clusters (left) and clusters with masses > 500 M (right).
The blue histogram indicates those clusters with measured Hα emission, while the red indicates those with only upper limits. These plots
exclude those clusters with masses > 104 M as they may not be fully explored by the SLUG models and are far more likely to have
expelled their surrounding hydrogen gas at a much younger age.
F555W (for Hβ) and F555W and F814W (for Hα) and
then subtracting from the F487N and F656N images re-
spectively. The near solar metallicty of M83 results in
very little [O III] contamination in the F555W filter,
eliminating the need for iterative image subtraction. As
was done in Andrews et al. (2013) and Calzetti et al.
(2010), a radius of about 0.5 RStromgren was selected
due to the crowding of the clusters, this corresponds to
between 5-30 pixels depending on the size of the cluster.
This radius is sufficiently larger than the PSFs for both
the Hα and Hβ images, so there are no concerns of PSF
variations. The local background was subtracted using
a 3 pixel wide annulus centered on the cluster outside
of the aperture radius in order to avoid contamination
from other diffuse emission. Aperture corrections were
calculated from a few, very isolated sources, and were
applied to the other regions. Contamination from [N II]
was removed using the average galactic [N II]/Hα ratio
of 0.53 from Kennicutt et al. (2008). The corrections
for the ionized gas extinctions were measured region by
region using the corresponding Hβ image using the for-
mulation in Calzetti et al. (2000) and were applied to the
Hα luminosities.
3. CLUSTER SELECTION
As part of our selection criteria, we limit the accept-
able cluster age range to those < 8 Myr in order to keep
objects in which the HII region is still density bound and
the massive stars are still retained. Over time the com-
pact HII regions that surround the clusters expand and
disperse into the ISM (Whitmore et al. 2011), and by 8
Myr the Hα luminosity can be less than 1% of LHα at 1
Myr (Leitherer et al. 1999). After this time massive stars
capable of producing ionizing photons (> 15-20 M) also
begin to disappear. An 8 Myr age limit reduces the ion-
izing photon rate uncertainties while at the same time
ensures we retain stars which populate the upper end of
the IMF. With this parameter in place, using the age-
dating procedure discussed below and in Andrews et al.
(2013), the full sample of clusters was reduced to 1/3 of
the size to ∼ 430 members.
There have been previous studies on the cluster popu-
lation of M83 using this data (Chandar et al. 2010; Foues-
neau et al. 2012; Bastian et al. 2012), but these papers
concentrate only on larger ( > 5000 M) or older ( >
10 Myr) clusters. These studies also use UBVI and Hα
observations to age-date the clusters. We do not use Hα
emission in our SED fits so as not to bias the data. Al-
though Hα is important for age-dating, as indicated by
Fouesneau et al. (2012), in the age and mass range we
are interested in for this paper, incorporating the NUV
will allow the same accuracy of fitting as the Hα emission
(Anders et al. 2013) while avoiding bias in our sample.
Often multiple objects can ionize the same HII region,
creating a situation in which it is impossible to assign
a correct measurement of LHα to an individual cluster.
Therefore in instances where clusters may share in ion-
izing the hydrogen gas, we remove the objects from our
sample. This is a common occurrence in very crowded re-
gions, including the most crowded part of the nucleus of
M83. Single, large bright stars can also be problematic,
and we cannot rule out the possibility that up to 30% of
the objects in our lowest mass bin are in fact single stars
or a tightly bound cluster of a single O star surrounded
by much smaller stars. Of the 48 members in our lowest
mass bin, there are 14 objects which are likely massive
stars with solar or sub-solar companions, but we can not
definitively rule out the possibility of them being a sin-
gle massive star except for the presence of some excess
emission in the V and I bands.
This has left us with a total of 187 clusters between the
ages of 1-8 Myr, 84 of which have a best fit mass that is ≥
500 M, and either have a measured Hα luminosity (49)
or have an Hα luminosity that is non-detectable down to
the 3σ limit of 6.6 × 1035 erg s−1. The positions of these
187 clusters throughout the galaxy based on the presence
of Hα, masses, and ages are all shown in Figure 2. These
three panels also illustrate that our clusters populate the
spiral arm quite thoroughly.
4. MODELS AND ANALYSIS
In an extension of Andrews et al. (2013), we have com-
puted the LHα/Mcl of young (< 8 Myr), stellar clusters
in Field 1 of M83 down to ∼ 500 M using stochastic
models and both a canonical and truncated IMF. To de-
termine the ages and masses of the clusters we have used
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Fig. 4.— Histograms of LHα /Mcl from SLUG models for a fully sampled IMF (red) and a model truncated at 30 M (blue) for LHα
/Mcl plotted against clusters from M83 whose masses were determined from SLUG models with a maximum stellar mass of 120 M (top)
and SB99 models with a maximum stellar mass of 30 M (bottom). In all cases, clusters with only measured Hα upper limits are given
the 3σ limit of 6.6 × 1035 erg s−1 as the luminosity value. The left panels only include the single best-fit mass. The right panels take each
solution with a χ2 < 1 and gives it equal weighting, which in practice creates 53629 and 545 distinct entries for SLUG (top) and SB99
(bottom) respectively.
the photometry of the 5 broad-bands discussed in Section
2, but choose not to include the Hα narrow-band filter in
the age-dating as the presence or absence of Hα emission
may bias our sample. The best fit model-derived masses
of clusters with ages less than 8 Myr are then binned
into three distinct mass bins of roughly equal masses.
Within these mass bins the masses are summed and the
Hα luminosities are summed to determine the LHα/Mcl
ratios for various cluster masses (< LHαMcl >=
∑
i LHαi∑
iMcli
).
These ratios are then compared to predicted models with
two different assumptions about the IMF, a universal one
and one in which the upper mass limit is a function of the
cluster mass, in a formulation similar to that of Kroupa
& Weidner (2003, see Discussion).
As with NGC 4214, we used both the Starburst99 (Lei-
therer et al. 1999, 2010, 2014, hereafter SB99) deter-
ministic models, and the SLUG (da Silva et al. 2012,
Stochastically Lighting Up Galaxies) stochastic models.
Stochastic models are important, especially at the low
cluster mass end since as cluster size decreases, the influ-
ence of the massive star or stars in the cluster becomes
much more prominent. Both sets of models use a Kroupa
IMF between 0.08-120 M (Kroupa 2001), and assume
that the clusters form in a single instantaneous burst.
Although the metallicity of M83 is roughly 1.5× solar
(Bresolin & Kennicutt 2002), the combination of metal-
licities available in SB99 and the super-solar to solar
metallicity gradient in the galaxy has made the Padova
AGB tracks with z=0.02 the best choice for both mod-
els. Additionally, both Larsen et al. (2011) and Kim
et al. (2012) have shown that the use of solar or 1.5×
solar metallicty in M83 does not produce significant dif-
ferences in the age determination.
For the truncated SLUG models, where the maximum
mass was only allowed to be 30 M, we had access to
only models that used a Salpeter IMF; we rescaled these
to match the Kroupa IMF. We do not expect this differ-
ence to impact our results, as the two IMFs only differ
below 0.5 M, i.e., well below the stellar mass range of
interest in this study. The SLUG models include about
5000 cluster templates with ages from 1 Myr to 20 Myr
with a cluster mass of 1 × 103 M. As noted in An-
drews et al. (2013), the uncertainties introduced using 1
× 103 M models for less massive and more massive clus-
ters is small, and is already encompassed by the uncer-
tainties generated within the data and the 1 × 103 M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models themselves. Additionally, while the number of
SLUG models that can be generated greatly exceeds the
5000 used here, we have found that we are getting con-
sistent fits with low χ2 values with the reduced amount
of models. It should also be noted that SLUG models
do not allow for binarity, but a recent study by Eldridge
(2012) indicates that at masses ≥ 103 M, the scatter
in LHα/Mcl is the same between models that use single
stars and those that introduce binaries, so this should
not introduce additional uncertainties.
We have utilized a reduced χ2 fitting technique be-
tween both the SLUG and SB99 models and the cluster
photometry to determine the age, mass, and extinction
of each cluster. For each cluster an SED of the five pho-
tometric data points were compared to both SLUG and
SB99 models spanning the complete reddening range be-
tween 0≤E(B−V )≤1.00 in intervals of 0.05. It is impor-
tant here to point out that there is no single solution for
the age and extinction of the cluster, but instead there
is a range of best fits which could produce the model fit.
By using the large range of ages and extinction consis-
tent with the model fits, the actual mass distribution has
been extended over a range of values and only produces a
peak at the most probable value. Therefore, we allowed
all χ2 values less than one, as was done in Pasquali et al.
(2003) and with NGC 4214, and include all ages, extinc-
tions, and therefore corresponding masses within that
range. This means that for each cluster there is more
than one acceptable fit, but only one best fit (the one
with the lowest χ2 value). As an example, if we take one
of our lowest mass clusters, the best fit is a mass of 574
M with an age of 4.25 Myr and an E(B -V) = 0.05.
The average value of these parameters from all of the fits
with a reduced χ2 less than 1 are 550 M with an age
of 4.2 Myr and an E(B-V) = 0.045, extremely similar
to the best fit mass. Plots of this cluster, like those in
Figure 3, bottom in Andrews et al. (2013), show that all
the models agree that E(B-V) must be less than 0.05,
and that there is a global minimum between 4-5 Myr,
and 300-700 M, where all χ2 values range from 0.18-
0.4. There are two local minima at 1.5-3 Myr/200-600
M and 8 Myr/700-1500 M but these all have χ2 values
> 0.4, implying that these solutions are quite unlikely.
This sort of behavior is seen in all of the other cluster fits
as well.When all acceptable fits are used, particularly for
uncertainty purposes, each fit is given equal weighting.
Therefore instead of 84 entries for the best fit, there are
over 50,000 entries which satisfy the condition of χ2 < 1.
This is discussed more in Section 5.
5. DISCUSSION
5.1. Hα emission with age
Histograms of the best fit ages for all clusters younger
than 8 Myr with masses < 104 M (left), and all clusters
with masses between 500 - 10000 M (right) are shown
in Figure 3. In both plots those clusters with detected
Hα are shown in blue and those with only upper-limit
detections in Hα are shown in red. Unlike the NGC 4214
results which clearly indicated all clusters with ages that
lie between 6-8 Myr have non-detections in Hα and all
clusters younger than 4.5 Myr are detected in Hα, there
only seems to be a lack of Hα detections above 7 Myr.
The differences could possibly be caused by the further
distance or higher metallicity of M83; although the data
is still consistent with very little Hα detection in clusters
older than 6 Myr.
According to Relan˜o et al. (2012), the leakage of ion-
izing photons is expected for those HII regions with ages
greater than 4 Myr, which is where we see the great-
est number of clusters without Hα emission in our M83
sample. Some of the clusters with Hα emission do have
ages greater than 5 Myr, but we do need to be aware of
the fact that especially in clusters that may contain only
one or two extremely massive stars they may not live
long enough to produce ionizing photons out to 8 Myr.
For example, the lifetime of a 35 M star is roughly 5
Myr, while a 15 M star may live 15 Myr and a 120
M star only 2 Myr. If there is only one massive star
in these smaller clusters, the LHα may be more sensitive
to the age. As a lower limit, if we use a fully popu-
lated IMF to estimate the number of 15, 35, and 120 M
stars expected in our cluster mass range of 500 - 104 M,
the result is between 3 - 60, 0-5, and none respectively.
Stochasticity is therefore extremely important, especially
in the lower mass clusters where it is unlikely to find stars
massive enough to power an HII region.
5.2. IMF Variations
In the cluster–mass–dependent upper mass limit for-
mulation of Weidner et al. (2010), a M(max)∗ – Mcl re-
lation is proposed in which the most massive star in a
cluster is limited by the mass of the parent cluster. For
instance in a 1000 M cluster no stars more massive than
35 M would be present, and an ensemble population
of 103 M clusters would never fully populate the IMF.
This truncated formulation is represented as the blue his-
togram shown in the panels of Figure 4. Conversely, in a
purely stochastically populated IMF, 100 103 M clus-
ters would contain the same numbers and masses of stars
as one 105 M cluster, and that both would represent a
fully sampled IMF (Elmegreen 2001, 2006). In recent
years, the M(max)∗ – Mcl relation has been allowed by
the same authors to include some stochasticity (Weidner
et al. 2014), although it is still the case that only for a
universal IMF a star cluster can be over–luminous in Hα
relative to what would be expected for its mass. This can
happen if a low-mass cluster is, for purely random rea-
sons, particularly rich in massive stars. Conversely, in a
formulation in which there is a cluster–mass–dependent
truncation to the IMF, clusters will be unlikely to be
Hα–over–luminous.
We have found in our study of M83 that indeed there
are low-mass clusters with large ionizing photon rates.
For example, the clusters shown in Figure 5 have masses
ranging from 500 - 1500 M with corresponding Hα lu-
minosities between 1.1 - 6.9 × 1038 erg s−1. These,
and similar objects, are responsible for the tail right-
ward of LHα/Mcl = 34 in the histograms of LHα/Mcl
shown in Figure 4. When masses are calculated us-
ing the fully populated SLUG models (top) there is an
under-abundance of low LHα/Mcl values and an over-
abundance of high values, in comparison to the predic-
tions of a truncated model (blue). While the agreement
between the fully populated IMF model (red) and our
data may not be perfect, the observations still indicate
that there is no obvious decrease in LHα/Mcl values for
decreasing Mcl (Figure 4). The high LHα/Mcl tail in low
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Fig. 5.— F225W (blue), F555W (green), and continuum subtracted Hα (red) composite images of a sample of low mass clusters with high
ionizing photon rates. The mass, log(LHα), and age of each cluster is indicated on each image, as well as the size aperture used in the Hα
photometry (white circles). The RA and DEC for each cluster are (clockwise from top left): 13h37m09s.02, -29◦52′09′′.31; 13h37m07s.70,
-29◦51′11′′.26; 13h37m09s.56, -29◦52′23′′.76; and 13h37m09s.70, -29◦52′43′′.47.
Mcl clusters exists even when we only allow our cluster
masses to be measured using models with a maximum
stellar mass of 30 M (bottom). This tail in M83 is
not very different from that reported for NGC4214 in
Andrews et al. (2013). This result is striking in that it
disagrees with a simple M(max)∗ – Mcl relation reported
for young star clusters in the Milky Way (Weidner et al.
2010, 2013). We should note that the star formation rates
in NGC4214 and M83 bracket that of the Milky Way,
thus the disagreement is real. Ways to reconcile the dif-
ferent results may require investigating the consequences
of using different methods to measure the cluster masses,
and a careful analysis of what uncertainties each method
carries; for a discussion of the problems with measuring
cluster masses in the Milky Way see Krumholz (2014).
In a M(max)∗ – Mcl relation, the summation of the
total ionizing flux from the small clusters divided by the
total cluster mass should be much lower than the ionizing
flux from a single large cluster divided by its mass and as
cluster mass decreases there is a deviation from the ratio
of ionizing photons to mass expected by a universal IMF
(Figure 6, dashed-dotted line). Whereas in an universal
IMF scenario this summed ratio would be consistent with
that of a single large cluster. Of course an universal
IMF predicts as a whole clusters ≤ 500 M will mostly
produce low Hα luminosities. In fact, Villaverde et al.
(2010) estimates that only 20% of 100 M clusters will
have stars large enough to create an H II region. There
will be some low mass clusters that do produce a large
ionizing continuum from the odd star well over 20 M
(case in point, Figure 5), so the effects can be averaged
out if the sample size is large enough. We have therefore
minimized both the observational uncertainties and the
stochastic effects by summing the LHα and masses of all
of the small clusters into one data point.
The data have been combined into three mass bins (see
the three shaded regions in Figure 6), each with a mean
mass of 9.8 × 102 M, 1.8 × 103 M, and 2.8 × 104 M.
The error bars have been calculated by adding in quadra-
ture the individual mass and luminosity uncertainties of
each cluster fit. The expected average LHα/Mcl from a
solar metallicity SB99 model that is fully populated up
to 120 M has also been plotted in Figure 6. The top
dashed line is for the average model between 1-3 Myr,
the gray dashed line for ages between 1-5 Myr, and the
bottom dashed line shows an averaged 1-8 Myr model.
The expected range for a M∗– Mcl model where the most
massive star in the cluster is a function of cluster mass
(Weidner et al. 2010) is shown in the dashed-dotted lines
also averaged between 1-3 Myr (top), 1-5 Myr (gray)
and 1-8 Myr (bottom). The data from other galaxies
have been normalized to the same metallicity of 1 Z
for accurate comparison. Even if the LHα estimations
from various stellar evolution models are taken into ac-
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count, this would serve only to move the lines uniformly
up or down, and would not change the trend of the plot
which shows, within uncertainties, a consistent LHα/Mcl
over all mass ranges. It is clear both from the individual
M83 measurements and combined M83 + NGC 4214 that
particularly in the low mass regime, we do not find an
absence of ionizing photons, and therefore massive stars
must be forming in these low-mass clusters. The M51
data have not been combined with the other galaxies as
it was only analyzed using SB99 models (Calzetti et al.
2010). We must, of course, be mindful that this result,
while seen in all of our galaxies, is only at the 2-3 σ level,
and a larger sample size is needed for the most conclusive
results possible.
1−3 Myr
1−5 Myr
1−8 Myr
2.5 3.0 3.5 4.0 4.5 5.0
log M
 cl [Msun]
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Fig. 6.— Location of LHα /Mcl for mass bins in M83, NGC 4214
(Andrews et al. 2013), M51 (Calzetti et al. 2010) and combined bins
for M83 and NGC 4214 for clusters < 8 Myr. All galaxies have been
normalized to the metallically of M83 ( Z = 1 Z). Dotted lines
are the expected LHα /Mcl for an universal IMF for various age
ranges while the dash-dotted line is for a cluster–mass–dependent
upper mass limit (Kroupa & Weidner 2003; Weidner et al. 2010)
where the most massive star in a cluster is determined by cluster
mass. Each shaded region indicates the mass range for each mass
bin (500-2000 Mcl, 2000-9000 Mcl, and 9000+ Mcl).
As an added result, the presence of O stars in these low
mass clusters imply that they do not seem to terminate
star formation. The fact that we recover the same aver-
age number of O stars per unit cluster mass as predicted
by the randomly sampled IMF suggests that if we have
low mass clusters forming a single O star, then we must
also have high mass clusters forming multiple O stars.
For example, one O star in a 500 M cluster would need
to be balanced out by two O stars in a 1000 M. The
presence of multiple O stars suggests that the first mas-
sive star forming in the larger clusters does not impede
the formation of the second O star and so on, and that O
stars do not terminate star formation in clusters of any
mass. This implies two possible scenarios which allow
the O stars to clear natal gas in a non-destructive way;
either the cluster formation timescale is rapid enough
that gas ejection by O stars happens too late to modify
the final cluster mass, or that mass ejection by O stars is
not sudden. If instead, massive stars lose mass through
a steady wind, star formation will be terminated at some
later time, but not in a way that would be reflected in
the total stellar mass formed.
6. CONCLUSIONS
Using the methods of Calzetti et al. (2010) and An-
drews et al. (2013), we have probed the presence of mas-
sive stars in a portion of the spiral galaxy M83 via the
ratio of the luminosity of the ionizing photons normalized
to the mass of the cluster in an effort to constrain the up-
per end of the IMF. The final sample of 84 clusters with
masses > 500 M and ages < 8 Myr indicate that even at
masses ∼ 103 M, there does not seem to be a deviation
from the expected ionizing flux of an universal IMF up to
120 M. As an extension of this, we have combined this
data with the 52 clusters of NGC 4214 from Andrews
et al. (2013) corrected for metallicity differences for a
more robust sample. In all instances, clusters with best
fit masses down to 500 M have a LHα/Mcl ratio that is
consistent with that predicted by an universal IMF. This
study is also supported by the results of Fouesneau et al.
(2012), who use the same cluster catalog but extend their
study to older cluster ages.
Our analysis of this sample suggests that the young
clusters seen in M83 can not be sufficiently explained by
a truncated IMF (one in which the maximum M∗ is a
function of Mcl), which would result in the maximum
stellar mass in a cluster of 103 M being no greater than
35 M (Weidner et al. 2010). We can not discount that it
is possible if recent findings of Popescu & Hanson (2014)
are invoked, where the Mmax – Mcluster relation can be
described more thoroughly as range of maximum masses
and not one single value, this relation can be appropri-
ately applied. In this altered Mmax – Mcluster model,
the mass range for the most massive star in a 500 M
cluster is 15 - 72 M, a range where all stars are capable
of producing ionizing photons.
We have concluded that the summation of individual
young clusters in this portion of M83 is better interpreted
as an universal IMF without a truncation of massive
stars. This is in agreement with the recent paper by
Fumagalli et al. (2011), who investigated the integrated
properties of individual galaxies using the SLUG mod-
els. Furthermore, we have found not only a disagree-
ment between the observations presented here and that
of the M∗ – Mcl relation of Weidner et al. (2010), but also
that the data point to a stochastically-sampled IMF with
an upper mass limit consistent with a standard Kroupa
(2001) IMF. Combination of this data with that of NGC
4214 strengthen this conclusion, and do not present a
compelling reason for excluding an universal IMF at the
high end. If anything we have found that low mass clus-
ters appear to have exactly the opposite behavior: to be
higher than expectations from both truncated and uni-
versal IMFs.
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